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@) Rapidly tunable integrated optical filter. 

@ A monoltthically integrated opticai filter 
which is rapkjiy tunable over a wide optical 
frequency range comprises an input frequency 
router connected to an output firequency router 
by means of switchable gates. The input fre- 
quency router is a wavelength selective IxN 
waveguide grating coupler and the switchable 
gate is a wavegukJe amplrfier with controllable 
transmissbn. A control circuit applies electrical 
energy to predetermined gates to tune the opti- 
cal filter to a desired one or nrK>re of a plurality 
of multiplexed input optical frequencies. This 
filter is economical to construct and is useful In 
high capacity, high speed optical communi- 
cations networks. 
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Technical Field 

This invention relates to optical communications 
systems. Mor partlcuiariy. this inv ntlon relates to 
Integrated optical filters used In optical communica- 5 
tlons systems. 

Background of the Invention 

The capacity and speed of comnnunications sys- lo 
terns may be increased by transmitting information in 
optical form over networks composed of optically 
transmisslve nodes, fibers, waveguides, and the like. 
High capacity optical communications systems re- 
quire that many optical signals be frequency division is 
multiplexed in the components of an optical network. 
Receivers must be configured such that a desired 
optical frequency may be retrieved from a group of 
many multiplexed optical frquencies. This necessi- 
tates the provision of suitable optical filters which 20 
separate desired optical frequencies from a frequen- 
cy division multiplexed plurality of optical frequen- 
cies. Until now. there has been no convenient ap- 
proach to filtering unwanted optical frequencies from 
desired optical frequencies. The performance of prior 25 
tunable optical filters, based on eiectro-michanical, 
electro-optic, acousto-optic, and magneto-optic ef- 
fects, have been limited In ternr^ of tuning speed, fre- 
quency selectivity, or tuning range. All of these prior 
devices also have been expensive to implement 30 

SUMMARY 

In accordance with this invention, a rapidly tuna- 
ble optical filter has been developed. The optical filter 35 
in accordance with this invention may be based upon 
photonic integrated circuitry which can provide a 
great deal of frequency selectivity and a wide tuning 
range whk:h can t>e realized at a cost lower than that 
associated with implementing prior optical filters. 40 

In one example of the invent ion.the inventors 
have realized that integrated optical multiplexers and 
demultiplexers disclosed, for example, in U.S. Pa- 
tents 5,002,350 and 5,136,671 may be used to create 
a monolithic fast optical filter having a wide tuning 45 
range. In specific terms, this example of the invention 
comprises two kientical IxN frequency routing devic- 
es with their frequency selecth/e ports interconnect- 
ed. Each path connecting the two devices contains an 
integrated optical amplifier acting as a gate. An input so 
signal containing several different frequency chan- 
nels Is divided among output ports of the first fre- 
quency routing device and directed to respective in- 
puts of the s c ndfr qu ncy routing d vice. The sec- 
ndfrequ ncy routing d vice may output any select- 55 
ed frequency from the multiplexed combination of 
frequ ncies. Any of these channels may b selected 
by op ning a r spectiv gate by activating a respec- 
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tive ptk:al amplifier between the first and second 
frequ ncy routing devices. Th other channels re- 
main highly attenuated because of th inacth^ation of 
their respectiv optical amplifiers. Thus, nly the se- 
lected channel exits the second frequency routing de- 
vice. Broadband amplifier noise is filtered since only 
frequency noise components corresponding to the 
selected frequency path exit the second frequency 
routing device. The remaining amplifier noise Is dis- 
sipated Into the other N-1 unused outputs of the sec- 
ond frequency routing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an example of a tunable 
optical filter in accordance with this invent k>n. 

FIG. 2 Is a diagram Illustrating the details of the 
frequency routing devices shown in FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 shows an example of an optical filter which 
is rapidly tunable over a wide frequency range. It is 
composed of frequency routing devices, waveguides, 
and optically active sections. These structures may 
be monolithically integrated on a semconductive wa- 
fer. They may be created by means of known photo- 
lithographic techniques. 

FIG. 1 illustrates a wafer 10 made of a semlcon- 
ductive material such as an indium phosphide based 
material such as InGaAsP. A first input frequency 
routing device 12 is defined on the wafer 1 0. The fre- 
quency routing device 12 may receive N multiplexed 
input optical frequencies Fi. Fj F^ on a single in- 
put waveguide 14 defined on the wafer 10. The first 
frequency routing device 12 demultiplexes the input 
optical frequencies and directs each one of those fre- 
quencies into a separate output waveguide connect- 
ed to the output of the frequency routing device 12. 
Specifically, frequency F^ directed to the output wa- 
vegukJe 16i, frequency F2 is directed to the output wa- 
vegukJe I62. and so on up to frequency F^ which is 
directed to output wavegukie 16^. Each of the output 
waveguides 16^, I62, 16n Is directed to the Input of 
a doped section of waveguide with controllable opti- 
cal transmissivity. The doping may be such that a 
suitable semiconductor junction is created. These 
doped sections are optically active In that application 
of electrical energy to those sectbns will cause them 
to become transmissive to the flow of optical energy 
and will even provkle some degree of gain to optical 
signals flowing through them. These doped sections 
of wavegukie are substantially opaque to the trans- 
mission of light when there is no applied electrical 
stimulation. The sp cially doped sections thus may 
be considered to be gates or optical amplifiers de- 
pending upon whether or not they are excited with 
electrical energy. The details of cr ating such sec- 
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tlons in a wafer such as the indium phosphide wafer 
10 hown in FIG. 1 are generally knofwn, are nota part 
of this invention, and thus are not described here. 

Specificaliy in FIG. 1,an utputwaveguid 16^ is 
d Irected to the Input of an optically active sect Ion 1 8i , 
an output waveguide 1 62 is directed to the Input of an 
optically active section I82, and soon up to an output 
waveguide 1 6^ directed to the input of an opt Ically ac- 
tive section 18n. 

The outputs of the active sections I81, I82 

18|g are connected to respective Input waveguides 

2O1, 2O2 20n of an output frequency routing device 

22. The frequency routing device 22 will multiplex sin- 
gle frequencies appearing on the N input waveguides 
onto a single output waveguide 24. If all of the active 
sections between the Input router 12 and the output 
router 22 are activated with electrical energy. If only 
one of the active sections is stimulated with electrical 
energy, then only the frequency flowing In that acti- 
vated section will appear on the output waveguide 24. 
The devloe shown In FIG. 1 thus acts as an optical fit- 
ter for the multiplexed input frequencies appearing on 
waveguide 14 when appropriate active sections are 
stimulated. Accordingly, a digital gate control circuit 
26 is provided for the structure of FIG. 1 which selec- 
tively applies electrical energy to predetermined ones 
of the sections between the frequency routers so that 
unwanted frequencies In the Input stream to the de- 
vice of FIG. 1 may be suppressed and one or more de- 
sired frequencies may be obtained from the output of 
the device of FIG. 1. 

FIG. 2 shows the pertinent details of the routing 
devices 12 and 22 shown in FIG. 1. Both of those de- 
vices may have identical configurations. Each fre- 
quency routing device contains a pturelity of in put wa- 
veguides 26 connected to a free space region 28. A 
plurality of output waveguides 30 extends from the 
free space region 28 and is connected to an optical 
grating 32. The optical grating 32 comprises a plural- 
ity of unequal length waveguides which provides a 
predetermined amount of path length difference to a 
corresponding plurelity of input waveguides 34 con- 
nected to another free space region 36. The free 
space region 36 is connected to a plurality of output 
waveguides 38. These frequency routing devices op- 
erate as multiplexers and demultiplexers of optical 
frequencies. The details of ther construction and op- 
eration are more fully described In the U.S. patents 
referred to above, the entire contents of which are 
hereby Incorporated by reference into this applica- 
tion. In the case of the frequency routing device 12, 
one of the Input waveguides 26 Is used as the input 
waveguide 14 of the device shown in FIG. 1 and the 
plurality of utput waveguides 38 are us das the out- 
put waveguides 16|. I62, 18^. In the cas of th 
frequency routing device 22, the plurality of input wa- 
veguides 26 are the input waveguides 20i, 2O2 

20NSh wnlnFIG. 1 andon ofth utput wav guides 



38 Is th utput waveguide 24 shown In FIG. 1. 

Th d vice of FIG. 1 may be tuned to a larg nunv 
ber f different optical frequencies used in high 
spe d, high capacity optical communications net- 

6 works. For example, frequency routing devices with 
N up to 32 or more may be conveniently fabricated on 
a single semiconductive wafer. This results in an opt- 
ical filter which can be tuned to any of up to 32 or more 
optical frequencies. The doped sections between the 

10 frequency routers in FIG. 1 may be switched on or off 
at up to nanosecond speeds thereby resulting in rapid 
tuning of the FIG. 1 filter to the desfa'ed frequencies. 
Devices such as the filter In FIG. 1 are attractive for 
large size optical network applications based on fre- 

15 quency division multiplexing. 



Claims 

20 1. A tunable integrated optical filter, comprising: 

an input frequency routing device for re- 
ceiving a plurality of multiplexed optical frequen- 
cies; and 

an output frequency routing device re- 
25 sponsive to the in put frequency routing device for 
producing an optical output representing a se- 
lected one or more of the multiplexed optical fre- 
quencies. 

30 2. The optical filter of daim 1, further comprising: 
a plurality of waveguides connecting a 
plurality of outputs from the input frequency rout- 
ing device to a plurality of Inputs of the output fre- 
quency routing device; 

35 each of the plurality of waveguides conv 

prising a controllably transmissive section. 

3. The optical filter of claim 2, further comprising: 

a control circuit for selectively applying 
40 electrical energy to a predetermined one or more 
of the controllably transmissive sections for tun- 
ing the optical filter to a predetermined one or 
more of the plurality of multiplexed optical fre- 
quencies received by the input frequency routing 
45 device. 

4. The optical filter of clai m 1 , In which the input fre- 
quency routing device comprises: 

at least one Input waveguide; 
50 a first free space region connected to the 

at least one input waveguide; 

a plurality of output waveguides connect- 
ed to the first free space region; 

an optical grating connected t the plural- 
55 ity of output waveguides comprising a plurality of 

unequal length waveguides; 

a plurality of input waveguides connected 
to the optical grating; 
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a second free space r gion connect d t 
the plurality of input waveguides conn cted to the 
ptical grating; and 

a plurality of output waveguides connect- 
ed to the second free space region. 5 

5. The optical filter of daim 1, In which the output 
frequency routing device comprises: 

a plurality of input waveguides; 

a first free space region connected to the io 
plurality of Input waveguides; 

a plurality of output waveguides connect- 
ed to the first free space region; 

an optical grating connected to the plural- 
ity of output waveguides comprising a plurality of is 
unequal length waveguides; 

a plurality of Input waveguides connected 
to the optical grating; 

a second free space region connected to 
the plurality of Input waveguides connected to the 20 
optical grating; and 

at least one output waveguide connected 
to the second free space region. 

6. The optical filter of daim 4, in which the output 25 
frequency routing device comprises: 

a plurality of input waveguides; 

a first free space region connected to the 
plurality of Input waveguides; 

a plurality of output waveguides connect- 30 
ed to the first free space region; 

an optical grating connected to the plural- 
ity of output waveguides comprising a plurality of 
unequal length waveguides; 

a plurality of Input waveguides connected 35 
to the optical grating; 

a second free space region connected to 
the plurality of input waveguides connected to the 
optical grating; and 

at least one output waveguide connected 40 
to the second free space region. 

7. The optical filter of daim 6, in which each of the 
plurality of output waveguides of the Input fre- 
quency routing device are connected to a respec- 45 
tive one of the plurality of input waveguides of the 
output frequency routing device by means of one 

of the controltablly transmlsslve sections. 
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